Background {#Sec1}
==========

Propofol infusion syndrome (PRIS) is a rare but potentially lethal side effect of propofol, which is commonly used in anesthesia and in intensive care for sedation. It is characterize by symptoms such as metabolic acidosis, rhabdomyolysis, arrhythmia, renal failure, and myocardial failure. Several cases of severe metabolic acidosis during propofol infusion have been reported previously, and Bray proposed the concept of PRIS for such a clinical state associated with propofol infusions in 1998 \[[@CR1]--[@CR4]\].

We herein report a rare case considered to be PRIS after abdominal aortic aneurysm surgery.

Case presentation {#Sec2}
=================

A 70-year-old female patient was scheduled for abdominal aortic aneurysm resection and reconstruction. She had undergone general anesthesia for surgery of purulent cervical spondylitis about 6 years ago without any adverse event. The height of the patient was 142 cm, and the weight was 54 kg.

A catheter was inserted into the thoracic vertebrae 9--10 epidural interspace to enable analgesia prior to sedation using propofol. Anesthesia was induced with continuously injected remifentanil at a rate of 0.15--0.3 mg/kg/h, and propofol was started intravenously at a target plasma concentration of 3 μg/ml using a target-controlled infusion (TCI) pump, followed by 40 mg of rocuronium bromide for endotracheal intubation. Anesthesia was maintained with 70% nitrous oxide, 30% oxygen, and propofol continuously injected at a target plasma concentration of 1--2 μg/ml.

The abdominal aortic aneurysm, which measured 4.9 cm in diameter, was observed from the infrarenal artery to the level of bifurcation of the inferior mesenteric artery (IMA), while the renal artery and iliac artery were not clamped. The peripheral anastomosis to the aorta was possible above the IMA. The operation time was extended significantly beyond the scheduled time in order to control bleeding due to a lumbar vein injury, and the anesthesia lasted 5 h 38 min. Total blood loss was 3424 ml, 1159 ml in the blood loss was returned by the autologous blood collection device, and 6 units of red cell concentrates mannitol-adenine-phosphate were used. However, abdominal aortic aneurysm resection and reconstruction were performed routinely, and the patient's hemodynamic condition was stable throughout the anesthesia course. We confirmed adequate arousal after the surgery, and the endotracheal tube was removed in the operating room, after which the patient was transferred to the recovery room.

On the second post-operative day, oliguria was prolonged, and her respiratory frequency exceeded 45 times with respiratory distress appearing due to pulmonary edema. Therefore, we decided that re-intubation and a ventilator were necessary, and propofol was used for sedation. Prior to endotracheal intubation, 30 mg of propofol was injected, and sedation was maintained with propofol at a rate of 50 mg/h using an infusion pump instead of a TCI pump.

From the following day, a fever of 39.7 °C and a decrease in blood pressure appeared. Blood tests showed that platelets had dropped to 26,000/μl, and creatinine phosphokinase (CPK) had risen to 57220 U/l. A blood gas analysis during propofol infusion showed pH 7.40, PCO~2~ 23.4 mmHg, HCO~3~ 14.2 mmol/L, base excess − 9.0 mmol/L, anion gap 22.0 mmol/L, and lactate 1.5 mmol/L. No significant elevation of lactate or acidosis was observed. Metabolic acidosis may have been compensated by mechanical ventilation (Table [1](#Tab1){ref-type="table"}). Table 1Clinical course and laboratory dataFactorORPOD1POD2POD3POD4POD5POD6POD7POD8POD9POD10POD11POD13pH7.527.327.437.547.537.557.457.47.447.467.457.447.48PaCO2 (mmHg)2949.531.626.828.527.426.323.42827.329.329.532.9PaO2 (mmHg)17575.7121.488.887.996.7102.9167.883.7109.2115.6105.7139.4HCO3 (mmol/L)23.724.920.622.223.123.217.714.218.519.120.119.523.7Base excess (mmol/L)1.5− 1.6− 2.711.21.7− 4.9− 9− 4.6− 3.8− 3.2− 3.80.4Anion gap (mmol/L)13.822.720.313.915.718.12221.517.915.516.510.7Lactate (mmol/L)21.42.12.31.721.52.31.11.21.11.1Creatinine phosphokinase (×1000 U/L)0.1080.4280.530.2865.1846.2557.2248.3926.477.2941.159Body temperature (°C)35.537.838.739.740.241.139.739.636.836.436.236.436.2*OR* operating room, *POD* post-operative day

We suspected intestinal ischemia and severe infection, and immediately started treatment for disseminated intravascular coagulation, stopping using epidural anesthesia. Colonoscopy revealed mild ulcers but no intestinal necrosis, myocardial infarction was denied from echocardiographic findings, and skeletal muscle necrosis was negative according to clinical findings. Thereafter, a fever of 41.1 °C and high CPK persisted, and her hemodynamics were disrupted, so we finally stopped propofol infusion to maintain her blood pressure. Continuous hemodiafiltration (CHDF) was started for the oliguria due to deterioration of the renal function.

From the day after the propofol infusion was stopped, the fever decreased to 36.8 °C, CPK started to decease, and the hemodynamics improved dramatically (Fig. [1](#Fig1){ref-type="fig"}). Two weeks later, her respiratory condition improved, and the ventilator was able to be removed. The urine volume and renal function had been stable, and hemodialysis was able to be discontinued. However, the patient suffered from prolonged consciousness disorder. Neither computed tomography (CT) nor magnetic resonance imaging (MRI) of the brain revealed any particular lesions causing prolong consciousness disorder other than a small area of cerebral infarction in the subacute phase. Concerning the continuation of consciousness disorder, an electroencephalogram was conducted, which suggested the possibility of seizures; however, the details were unclear. After two more weeks, the level of consciousness gradually improved, and speech and spontaneous movement became apparent. Fig. 1The figure showed that the clinical course of propofol infusion, body temperature (BT), and CPK decreased immediately after the discontinuation of propofol

After normalization of CPK and improvement of the general condition, re-examinations were performed, including CT and MRI; however, no disease other than PRIS causing an increase in CPK or a disruption of hemodynamics was suspected. Immediately after the injection of propofol was stopped, her condition improved, which eventually prompted our diagnosis.

Ten months after the operation, the patient's communication level had improved, but hemiplegia remained due to cerebral infarction and muscle weakness due to disuse, so she was transferred to a rehabilitation hospital for functional recovery.

Discussion {#Sec3}
==========

Although the symptoms of PRIS were initially reported to occur in children, according to the summary of recent case reports, they are more likely to be seen in adult or elderly patients and may occur even after a short duration of infusion and with usual doses of propofol \[[@CR5]\]. Since there are no convincing symptoms and no clear diagnostic criteria of PRIS, the diagnosis may be challenging. Details of the pathogenesis of PRIS are unknown, but enhanced lipolysis, impaired fatty acid oxidation, and mitochondrial dysfunction have been suggested. PRIS presents with various organ disorders, including impairment of the cardiovascular, hepatic, and skeletal muscular systems, renal damage, and metabolic acidosis. In addition, the overall mortality of PRIS is reported to be 18% in these situations \[[@CR6], [@CR7]\].

In the literature, a multivariate analysis showed that, after adjusting for covariates, there are only a few independent predictors of death. The most important predictor seems to be the cumulative dose of propofol, being represented by both the mean infusion rate and the duration of infusion. On the other hand, cytotoxicity has been reported to occur at clinically relevant concentrations of propofol, and clinical studies have reported that PRIS may occur even at low doses and short durations of administration \[[@CR8]\]. In the present case, the recommended dosage of propofol using a TCI pump was used during the surgery, and the total amount of propofol used during surgery was 1000 mg. A total of 2900 mg of propofol was used in the intensive care unit during the 5-day stay. The cumulative dose of propofol and the duration of infusion were rather high but still within the recommended usage range (0.3--3.0 mg/kg/h or less, usually for less than 7 days for sedation of adult patients \[[@CR9], [@CR10]\]).

PRIS in the present patient affected the cardiovascular system and induced cardiogenic shock. At the same time, the CPK value was abnormally high, suggesting skeletal muscle or myocardial damage or gastrointestinal necrosis. Echocardiography showed reduced myocardial motility, reflecting shock status, but this finding could not explain the extraordinary increase in CPK. Colonoscopy confirmed no gastrointestinal necrosis. Skeletal muscle damage might have been caused by rhabdomyolysis, in fact, by which the patient was complicated with acute kidney injury requiring CHDF for several days.

Diseases associated with a high fever and rhabdomyolysis that should be differentiated are malignant hyperthermia and malignant syndrome. Malignant hyperthermia causes hypercontraction of the skeletal muscle due to an inherited disorder of calcium metabolism triggered by volatile anesthetic agents, especially halothane, and depolarizing muscle relaxants, such as succinylcholine. Our case was not administered any volatile anesthetic agents and had no such familial history, and no hypercapnia and muscular rigidity, which commonly occur during malignant hyperthermia, were observed. Furthermore, the present event did not resemble the typical course of malignant hyperthermia, since it occurred in the intensive care unit after surgery; however, the occurrence of malignant hyperthermia due to propofol has also been reported and cannot be completely denied. Therefore, the administration of dantrolene sodium might have been considered as a diagnostic treatment. The possibility of malignant syndrome, by contrast, was negative, as she had no history of antipsychotics or psychotropic medication \[[@CR11]--[@CR13]\]. The dramatic improvement in the general condition immediately after the discontinuation of propofol was an important point leading to the differential diagnosis of PRIS.

Conclusion {#Sec4}
==========

Physicians using propofol should be aware of the potential risk of PRIS. If a patient receiving propofol develops unexplained symptoms, such as lactic acidosis, rhabdomyolysis, or renal failure, propofol infusion should be stopped immediately, and other critical illnesses should be distinguished.
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